Abstract. Twenty-one American crows were identified as being West Nile virus (WNV) infected by WNVspecific reverse transcriptase-polymerase chain reaction (RT-PCR) performed on fresh brain tissue (cerebrum and cerebellum of 16 crows) or by WNV-specific immunohistochemistry of various organs (21 crows). Consistent gross lesions attributable to WNV infection were not detected. Common histological lesions included necrosis of spleen and bone marrow. West Nile virus antigen was consistently detected in heart and kidney (100%). In addition, bone marrow (92%), duodenum (89%), proventriculus (87%), liver (86%), lung (85%), spleen (80%), pancreas (61%), and brain (45%) contained WNV antigen-positive cells. Infected cells included cardiomyocytes; neurons; endothelial cells and vascular smooth muscle cells; hematopoietic cells of bone marrow; and macrophages of spleen, liver (Kupffer cells), and lungs. Epithelial cells of renal tubules, duodenum, pancreas, and proventriculus were also infected. The diagnostic histopathologist should consider WNV infection in crows in the absence of any inflammatory lesions. Immunohistochemistry of heart and kidney is as reliable in detecting WNV infection in American crows as RT-PCR of fresh brain tissue.
West Nile virus (WNV) is a flavivirus that causes disease and death in numerous avian species and various mammals, such as humans, horses, and less commonly, sheep. 3, 10 The virus is primarily transmitted by mosquitoes, but direct contact with infected birds and consumption of carcasses of WNV-infected birds also have been shown to represent routes of transmission in birds, including crows. 6 American crows (Corvus brachyrhynchos) are highly susceptible to WNV and frequently die as a result of the infection. 6 The histological lesions and immunohistochemical findings in WNV-infected American crows have only been rarely addressed in the literature. 1, 9 Twenty-one American crows that were submitted to the Department of Veterinary Diagnostic Medicine, University of Minnesota, St. Paul, Minnesota, between July and October 2002, underwent necropsy. Tissue samples, including liver (21 cases), kidney (21 cases), spleen (20 cases), heart (20 cases), brain (20 cases: 20, From cerebrum; 17, cerebellum; 13, mesencephalon; 11, medulla oblongata), lung (20 cases), duodenum (19 cases), pancreas (18 cases), eye (17 cases), proventriculus (15 cases), and tibial bone marrow (13 cases), were fixed in 10% buffered formalin. The formalin-fixed tissues were paraffin embedded. Sections were cut at 4 m and stained with hematoxylin and eosin (HE). Histological lesions such as necrosis and inflammation were subjectively graded as mild or moderate and marked on the basis of the estimated percentage of affected tissue (necrosis) and the estimated number of infiltrating inflammatory cells (inflammation).
A peroxidase-based polymer system a was used for immunohistochemical demonstration of WNV antigen. A mouse monoclonal antibody directed against an epitope of the E protein b was used 2 . This antibody does not cross-react with Saint Louis encephalitis virus or Japanese encephalitis virus. In brief, 4-m sections were mounted on poly-L-lysine-coated slides. The sections were rehydrated. For antigen retrieval, the sections were pretreated with proteinase K a for 4 minutes. After rinsing with water, the sections were incubated with 3% H 2 O 2 diluted in H 2 O for 20 minutes to block the endogenous peroxidase activity. The sections were then rinsed in TRIS a -buffered saline (TBS, 0.05 M, pH 7.6). For blockage of nonspecific binding sites, the sections were incubated with normal goat serum that was diluted 1:10 in TBS. After draining excess blocking serum off the sections, the anti-WNV antibody was applied for 45 minutes at room temperature. This antibody was diluted 1:100 in TBS. The sections were rinsed with TBS containing 0.05% Tween20, c and subsequently incubated with a polymer-labeled goat antimouse immunoglobulin G a with 2% normal chicken serum added per volume for 30 minutes at room temperature. The sections were rinsed in TBS-Tween20. After visualization of the positive antigen-antibody reaction by incubating the slides with 3-amino-9-ethylcarbazole a for 10 minutes, the slides were lightly counterstained with Mayer hematoxylin. Controls included substitution of the primary antibody with ascites fluid from nonimmunized Balb/c mice. Tissue of WNV-infected crows served initially as positive controls d . The amount of antigen expression in different organs in terms of numbers of stained cells and intensity of staining was graded subjectively as mild or moderate and marked on the basis of the estimated number of positive cells.
Fresh brain samples, including cerebrum and cerebellum, of 16 of these crows were submitted to the Minnesota Department of Health for WNV-specific polymerase chain reaction. Brain samples were frozen at the Minnesota Department of Health on receipt. When processed, the partially thawed tissue was placed initially into an RNA-stabilization buffer e to prevent degradation of the viral RNA. A piece of the stabilized tissue was processed using the QIAamp RNAeasy tissue prep kit. f Briefly, between 20 and 30 mg of stabilized tissue was added to a microcentrifuge tube containing 600 l of RLT lysis buffer f and 6 l of ␤-mercaptoethanol (14.3 M). The tissue was homogenized using a disposable pestle. g After homogenization, the sample was centrifuged and the supernatant was transferred to a clean microcentrifuge tube. Subsequent extraction steps were performed using the RNeasy kit reagents following the manufacturer's instructions. TaqMan RT-PCR was performed using a TaqMan one-step RT-PCR Master Mix Reagent kit, h and WNV-specific primers and probe as described previously. 7 The RT-PCR reactions contained 25 pmol of each primer, 6.25 pmol of the 6-carboxy-fluorescin/6-carboxytetramethyl-rhodamine-labeled probe, and 2.5 l of template RNA in a 25 l total reaction volume. Amplification and data analysis were done using an ABI 5700 Sequence Detection System. h Cycling parameters included an initial reverse transcriptase incubation of 48 C for 30 minutes followed by 95 C for 10 minutes for the polymerase enzyme activation and then 40 cycles of 95 C for 15 seconds and 60 C for 1 minute. A positive control consisted of a WNV strain i , which had been prepped using the QIAamp Viral RNA Prep kit, following the manufacturer's protocol for cell culture media. A water control was run as the negative control.
In general, the birds were in a good nutritional state. Two birds had a moderately to markedly enlarged spleen (crow Nos. 2 and 9). Marked acute luminal small intestinal hemorrhage and mild acute proventricular hemorrhage were noted in 2 birds (crow Nos. 19 and 20). None of the birds had evidence of musculoskeletal or head trauma.
Histologically, multifocal mild to marked necrosis was present in 17 of 20 spleens (85%) and 9 of 13 bone marrows (69%; Fig. 1 ). The white and red pulp of the spleen were affected. Three crows (crow Nos. 3, 17, and 18) had mild multifocal myocardial necrosis. A minimal lymphohistiocytic myocarditis accompanied the necrosis in 2 of these crows (crow Nos. 17 and 18). A few glial nodules were found in the molecular layer of the cerebellum of 1 crow (crow No. 7). Two birds had necrosis of Kupffer cells and individual hepatocytes (crow Nos. 6 and 12). Multifocal necrosis of groups of hepatocytes was found in 1 crow (crow No. 9). Single birds had necrosis of duodenal, renal tubular, or proventricular epithelial cells (crow Nos. 1, 6, and 10). In 4 animals, colonies of bacteria were detected in multiple organs (crow Nos. 7, 8, 19 , and 21) indicating septicemia.
Immunohistochemically, WNV antigen was consistently detected in heart and kidney (100%), bone marrow (92%), duodenum (89%), proventriculus (87%), liver (86%), lung (85%), and spleen (80%; Table 1 ). Infected cells were frequently strongly positive. Cardiomyocytes (Fig. 2) , endothelial cells, and smooth muscle cells of arteries, hematopoietic cells of bone marrow, cells of the mononuclear phagocyte system of the spleen and liver (e.g., Kupffer cells), renal epithelial cells, in particular medullary tubular epithelial cells (Fig. 3) , duodenal enterocytes, and epithelial cells of the proventriculus contained WNV antigen. A low West Nile virus infection has been a common cause of death in American crows in the United States since the introduction of the virus in 1999. 4 West Nile virus infection in crows results in a rapidly fatal disease. All crows experimentally exposed to WNV-infected mosquitoes died within 4-6 days after exposure. 6 Gross lesions attributable to WNV infection are rare and nonspecific and may consist of acute hemorrhage, in particular of the digestive tract and splenomegaly. 6, 9 In the present study, multifocal acute necrosis of spleen and bone marrow appeared to be the histological hallmarks of the infection in crows, whereas myocardial necrosis and myocarditis were rare and encephalitis was usually lacking. In a previous study, encephalitis was diagnosed in all investigated crows, 1 whereas in another study, 2 of 5 crows had a lymphoplasmacytic encephalitis. 9 Evidence of WNV infection can be found in numerous organs of crows by IHC, virus isolation, and RT-PCR. 6, 8, 9 Although brain tissue has been reported to be the most reliable organ for virus isolation and RT-PCR, 8 kidney and heart appear to be more useful for immunohistochemical diagnosis of WNV infection. Viral antigen was more widely disseminated in the organs of the crows in the present study than in the crows of a previous study in which antigen was detected in liver, spleen, and kidney only in 1 of 5 cases. 9 This different result may be the result of the use of polyclonal hyperimmune serum in the previous study versus the use of a monoclonal antibody in the present study. West Nile virus has a cellular pantropism in crows, as evidenced by the wide variety of infected cells. Macrophages may represent a key factor in the pathogenesis of WNV infection in crows. 5, 9 Interestingly, exclusively endothelial cells were WNV antigen positive in the brain of 1 bird, whereas neurons were WNV antigen positive in the brain of the remaining 8 birds. It may be speculated that the infected cell type depends on the stage of the disease with endothelial cells being infected just after entry of the virus into the brain and neurons being infected thereafter. A predilection site for WNV antigen was not detected in the brain of the examined crows because WNV antigen was detected in neurons of the cerebrum, cerebellum, mesencephalon, and medulla oblongata. In another study, the cerebellum appeared to have been spared from infection in crows of the New York City outbreak. 9 West Nile virus-specific RT-PCR on brain appeared to be more sensitive for diagnosing WNV infection in crows than WNV-specific IHC on brain because 8 brains were identified as being WNV infected by RT-PCR but did not show staining by IHC. However, IHC of the kidney and heart was diagnostic in all cases.
In conclusion, acute necrosis of spleen and bone marrow should alert the histopathologist to consider WNV infection as differential diagnosis in American crows, although inflammatory changes such as myocarditis and encephalitis are rather exceptional. West Nile virus antigen-specific IHC performed on heart and kidney represents a first choice diagnostic tool in crows.
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